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INTRODUCTION

Glacier National Park operates a wastewater treatment plant (WWTP) at St. Mary. As part of the WWTP
treatment process, treated effluent is discharged to groundwater through infiltration/percolation beds. To
support the permitting process for the WWTP, the state of Montana Department of Environmental Quality
(DEQ) requested that a pumping test be completed in order to determine the hydraulic conductivity for
the aquifer. Hydraulic conductivity is an aquifer parameter that is used to determine the rate of
groundwater flow. This report documents an aquifer pumping test that was completed to determine
hydraulic conductivity, and also includes other information regarding the aquifer conditions.
1.1

Summary of Findings

Pump testing in monitoring well 3 (MW3) was used to determine an average transmissivity for the
alluvial aquifer of 36,500 ft2/d. Hydraulic conductivity was estimated using the average transmissivity
and two values for the saturated thickness of the aquifer 1. A saturated thickness of 50 feet, representing
the entire saturated thickness above the bottom of the pumping well, resulted in a hydraulic conductivity
of 730 ft/d. A saturated thickness of 20 feet, representing only the perforated interval of the well, resulted
in a hydraulic conductivity of 1,825 ft/d. The larger value is considered more appropriate because
groundwater flow during the test was probably concentrated within the perforated interval of the well.
1.2

Site Location and Conditions

A site plan for the WWTP and vicinity is shown on Figure 1. Three monitoring wells were included in
the aquifer test, designated as MW2, MW3, and MW4. These are shown in the right-center of Figure 1,
in proximity to the infiltration/percolation beds. Monitoring well MW3 was selected as the pumping well
because it had more water above the perforations than the other two wells.
Land surface in the vicinity of the WWTP and the monitoring wells is gently sloping toward St. Mary
Lake. Figure 2 shows that this area is an alluvial fan, deposited by Divide Creek, which is located east of
the WWTP (see also Figure 1). The alluvial fan is well delineated and probably formed primarily during
historical glaciations in the area (15,000 – 25,000 years ago). Some changes to the alluvial fan surface
could occur from modern-day flooding by Divide Creek, but would not affect the alluvial aquifer.
The three monitoring wells are reported to be approximately 80-feet in total depth and installed into a
sand and gravel aquifer (Table 1). The aquifer is presumably unconfined, as no barrier layers are
described in the well logs, which appear in Moreland and Wood (1982). The aquifer conditions are
expected to be similar throughout the area of the monitoring wells. The lower 20-feet in each well is
perforated.
Groundwater recharge to the alluvial aquifer is interpreted to occur from Divide Creek as it enters the St.
Mary Lake valley (Moreland and Wood 1982). Water table contours shown on Figure 1 indicate
groundwater flow from Divide Creek to St. Mary Lake during May of 1980. Presumably this flow
direction prevails year-round. The hydraulic gradient shown on Figure 1 based on MW4 (SM-4) and
MW2 (SM-2) data is 0.005 ft/ft. Note that a steeper gradient is shown to the east of the monitoring wells.
This area is probably underlain by lower transmissivity aquifer material, or reflects a large rate of
discharge from Divide Creek into a limited flow area.

1

Hydraulic conductivity is equal to transmissivity divided by thickness. The aquifer test is used to determine a
value for transmissivity. The analyst must choose a thickness value to calculate hydraulic conductivity.
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TABLE 1
MONITORING WELL INFORMATION
Designation

Total Depth (ft)

MW2 (SM-2)*

75

Perforated Interval
(ft)
55 – 75

MW3 (SM-3)

80

60 – 80

MW4 (SM-4)

80

60 – 80

Static Water Level
(ft bgs)
49.44 (9/24/80)
~37 (11/16/06)
47.88 (9/24/80)
~32 (11/16/06)
53.18 (9/24/80)
~36 (11/16/06)

Lithology
Gravel, 0 – 75 ft
Gravel and sand,
0 – 80 ft
Gravel, 0 – 80 ft

* Designations by Moreland and Wood (1982).
Radial distance MW3 – MW4 = 265 ft; Radial distance MW3 – MW2 = 650 ft.

2
2.1

AQUIFER TESTING AND ANALYSIS
Aquifer Test Planning

The primary objective for aquifer testing was to determine hydraulic conductivity for the alluvial aquifer.
The monitoring well capacities were uncertain, as no production data existed for the wells. MW3 was
selected as the pumping well because it had the most water above the perforations, thus enabling the
pumping test drawdown to be maximized. Water level data was also collected at MW2 and MW4 during
testing.
Testing was planned to run a 2-hour step rate test followed on the next day by a constant rate test. The
step rate test was to be used primarily for determining a pumping rate for the constant rate test. The
constant rate test was planned for 12-hours of pumping followed by 12-hours of recovery. This duration
for the test is desirable because it allows for sufficient aquifer response to determine aquifer hydraulic
conductivity, and also allows for an efficient test schedule.
Figure 3 describes the stages of a pumping test response, showing that the middle time region (MTR),
occurring after well construction effects, provides the best data for determination of hydraulic
conductivity. Any test data falling within the MTR period can be used to estimate hydraulic conductivity.
Late time effects, which may or may not occur, such as stabilization of the drawdown, reflect boundary
conditions, and are therefore less useful for the determination of aquifer hydraulic conductivity.
2.2

Test Descriptions and Basic Data

Step rate and constant rate pumping tests were run beginning on December 4, 2006. Table 2 summarizes
the tests and data that were collected and Figure 4 provides photos of the site and testing layout.
Monitoring wells were equipped with computer logging pressure transducers (Instrumentation Northwest,
Inc. PS900/PS9800 with DL1 and DL2 loggers). The pumping well, MW3, was also equipped with a
computer logging ultra-sonic flow meter (Controlotron 1010WP with C3 Universal transducers).
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TESTING SCHEDULE

Test

Date

Duration (hrs)

Step Rate

12/4/06

Constant Rate

12/5/06 –
12/6/06

1 (two 30-min
steps)
12 (pumping)
12 (recovery)

Discharge
(gpm)
48.4, 73.7

Flow rate
monitoring
MW3

Water level
monitoring
MW3

63.5

MW3

MW2, MW3,
MW4

Pumping equipment installed in MW3 was rated to a capacity of 120 gpm (Gould 80GS75) under the
pressure conditions of the test. The pump was found to under-perform the manufacturer data during the
step rate test. The pump contractor believed the intake of the pump was possibly clogged by debris in the
well, and that the well should be redeveloped if remedial measures were to be taken. Rather than defer
testing and accrue additional project costs, the tests were run within the capacity of the installed pump.
Hydrographs for the pumping tests are shown on Figure 5. The step rate test ran smoothly at 48.4 gpm
during step number 1, but required adjustments to the pumping rate when run at 73.7 gpm during step
two 2. A third step was initiated with a target rate of 100 gpm (not shown); however, the pump output
could be increased to only about 90 gpm with no backpressure, which affected flow meter accuracy.
Consequently, the test was terminated; although, overall the step rate test served its purpose of providing
information for planning the constant rate test. Based on these data, a rate of about 50 gpm was selected
for constant rate testing. This rate was increased to 63 gpm shortly after testing began, and maintained for
the remainder of the 12-hour pumping phase of the test.
There was a significant trend in the water table of the aquifer during testing. Water table elevation was
falling at a rate estimated as about 0.4 feet per day. This trend can be observed in the recovery water
levels shown for the constant rate test on Figure 5. Constant rate test data were corrected for this trend
prior to analysis.
2.3

Hydraulic Analysis

Analysis of testing data was performed to first estimate aquifer transmissivity. The transmissivity was
then used with saturated thickness data to estimate hydraulic conductivity. Figure 6 illustrates four
analysis plots, and Appendix A includes analysis worksheets with larger presentations of the plots.
•

The upper left plot provides an estimate of transmissivity using data from the first step of the
step rate pumping test. These data were analyzed without correction for water table trend due
to the short time span of the test. These data yield an estimated transmissivity of 35,000 ft2/d.
The low slope for the estimate results in uncertainty estimated at ±3,000 ft2/d.

•

Trend analysis for the declining water table condition is shown in the upper right plot. A
linear regression fit to selected data collected during the period between the step-rate and
constant-rate tests is shown. The slope determined by this analysis is 0.0003 ft/min, and the
intercept was forced to a value of 0. Drawdown data collected during the constant rate test
were adjusted by subtracting this trend from the measured value.

2

These adjustments were needed because the pump discharge was declining in relation to minor increases in well
drawdown.
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•

The lower left plot shows the pumping phase analysis using data from MW3 and MW4. Note
that the MW2 data are shown, but no response is interpreted at this location. These data yield
estimates of transmissivity of 32,000 ft2/d (MW4) and 38,000 ft2/d. Uncertainty for these
estimates is ±3,000 to ±5,000 ft2/d.

•

The constant rate test recovery phase analysis is shown in the lower right plot. A slightly
larger estimated transmissivity of 46,400 ft2/d is obtained from these data. The low slope of
these data results in uncertainty of ±5,000 ft2/d.

Given the four estimated values for transmissivity, the lowest and highest were excluded and a simple
average was calculated from the remaining two. This value, considered the best reasonable estimate for
aquifer transmissivity, is 36,500 ft2/d. Based on this value for transmissivity and an assumed storativity
of 0.2, the estimated radius of influence for the test was 450 feet (Streltsova 1988, p. 79). This area
includes MW4 but does not include MW2.
As noted above, uncertainty in the transmissivity estimates was assigned due to the low slope of the line
that was fit to the test data. These uncertainty estimates were made by manually adjusting the slope of the
line within a reasonable visual range and noting the range in transmissivity that occurred. It is noteworthy
that the uncertainty applies more to larger values of transmissivity than it does to smaller values. Smaller
values have a greater slope that is more well-defined. Larger values have a smaller slope that is more
difficult to estimate. The results indicate an average transmissiviy of 36,500 ft2/d. The actual value is
more likely to be greater than this value, with much less likelihood for a smaller value.
2.3.1

Hydraulic Conductivity

Hydraulic conductivity was estimated based on the average transmissivity of 36,500 ft2/d and data for the
saturated thickness of the aquifer. By definition:

K=

T
b

where
K = hydraulic conductivity (ft/d)
T = transmissivity (ft2/d), and
b = saturated thickness (ft).
At the time of testing, depth to water at MW3 was 30 feet below ground surface. Assuming the base of
the aquifer corresponds to the bottom of the well at 80 feet, the saturated thickness of the aquifer was 50
feet. A saturated thickness of 50 feet results in a hydraulic conductivity of 730 ft/d. This value for
hydraulic conductivity most likely represents a minimum value for the alluvial aquifer because the aquifer
test probably did not stress the saturated thickness of 50 feet.
A second estimate for hydraulic conductivity can be obtained by assuming that only the perforated
interval of the well was responding to the test, a thickness of 20 feet. Using this value for the saturated
thickness results in a hydraulic conductitvity of 1,825 ft/d. This value is probably a more reasonable
estimate, and is not considered a maximum because the aquifer transmissivity is probably greater than the
average value of 36,500 ft2/d.
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The values of hydraulic conductivity obtained from testing are typical of high permeability aquifer
materials. The groundwater system at the St. Mary WWTP appears to conduct large flows from Divide
Creek to the west. These conditions generally provide for thorough mixing of treated effluent with
groundwater, which will result in low concentrations of water quality constituents, such as nitrogen,
phosphorous, total dissolved solids, and other parameters, downstream from the discharge point.

3
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Water table contours and mapping from Figure 7,
U.S.G.S. Water-Resources Investigations 82-4. (units in feet)

Base map provided by National Park Serivce.

Figure 1
Site Plan
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Adapted from Earlougher (1977).

Middle Time Region

Early Time - Early time drawdown data are influenced by the well construction. Water stored in the
casing (wellbore storage) and plugging or stimulation (positive/negative skin) of the perforations or
screen dominates the well response.
Middle Time Region - The middle time region or MTR is the only part of the well response that can
be used to estimate aquifer hydraulic properties by traditional methods. In the MTR, drawdown data
follow a straight line when plotted versus the logarithm of time. Transmissivity (hydraulic conductivity x
saturated thickness) and storativity can be determined from this part of the well response. In contrast,
transmissivity and storativity cannot be easily determined from either the early or late time data.
Late Time - Late time drawdown data may deviate from the straight line that occurs during the MTR
part of a pumping test. If a deviation occurs, such as stabilized drawdown or steeply increasing drawdown, the data are reflecting the boundary conditions of the aquifer. The zone of influence of the test
has extended into areas that have substantially different hydraulic properties from the zone in which
the well is screened. Boundaries may or may not be present in the well test.

Figure 3
Pumping Test Interpretation Concepts
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Divide Creek alluvial fan is shown from near MW3.
The fan surface gently slopes to the west toward St.
Mary Lake.

Pumping test equipment included a submersible
pump, discharge piping, and 50 kW generator. The
test was instrumented with a computer logging pressure transducer and ultrasonic clamp-on flow meter.
Manual water levels were also measured to check
data accuracy.

Ultrasonic flow meter transducers are shown mounted on 3-inch steel pipe. The meter accuracy is
specified as +/- 2% of reading, or better.

Pumping test discharge was routed 330 feet north
of the well site across and slightly down the Divide
Creek fan. Fire- and layflat-hose at 3-inch diameter
was used.

Figure 4
Pumping Test Photos
Western Groundwater Services
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SEMI-LOG ANALYSIS OF STEP RATE TEST (STEP NO. 1)

TREND ANALYSIS OF DECLINING WATER TABLE
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CONSTANT RATE TEST RECOVERY ANALYSIS

SEMI-LOG ANALYSIS OF CONSTANT RATE TEST
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Transmissivity Analysis Plots
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APPENDIX A
ANALYSIS WORKSHEETS
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Pumping Test Analysis Report

Bozeman, MT

Project:

(406) 585-5947

Number: 2006-08
Client:

GNP/St Mary Aquifer Test

National Park Service

Step Rate Test [Cooper-Jacob Time-Draw dow n]
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Time [min]
10

1

100

MW3SR

Drawdown [ft]

0.6

1.2

1.8

2.4

3

Pumping Test:

Step Rate Test

Analysis Method:

Cooper-Jacob Time-Drawdown

Analysis Results:

Transmissivity:

3.50E+4 [ft²/d]

Test parameters:

Pumping Well:

MW3SR

Aquifer Thickness:

Casing radius:

0 [ft]

Confined Aquifer

Screen length:

0 [ft]

Boring radius:

0 [ft]

Discharge Rate:

48.4 [U.S. gal/min]

Comments:

Analysis of raw data. Small value for slope results in uncertain estimate for transmissivity.
Actual value may be +/- 3,000 ft2/d.
Evaluated by:

M. Cunnane

Evaluation Date:

12/11/2006
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Pumping Test Analysis Report

Bozeman, MT

Project:

(406) 585-5947

Number: 2006-08
Client:

GNP/St Mary Aquifer Test

National Park Service

Constant Rate Test [Cooper-Jacob Time-Draw dow n]
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Time [min]
1

10

100

1000

MW3CR

Drawdown [ft]
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2.4

3

Pumping Test:

Constant Rate Test

Analysis Method:

Cooper-Jacob Time-Drawdown

Analysis Results:

Transmissivity:

3.78E+4 [ft²/d]

Test parameters:

Pumping Well:

MW3CR

Aquifer Thickness:

Casing radius:

0 [ft]

Confined Aquifer

Screen length:

0 [ft]

Boring radius:

0 [ft]

Discharge Rate:

63.5 [U.S. gal/min]

Comments:

Analysis of data corrected for declining water table. Low slope value and data noise caused
by fluctuating water level in pumping well cause uncertainty in transmissivity estimate.
Actual value may be +/- 5,000 ft2/d.
Evaluated by:

M. Cunnane

Evaluation Date:

12/11/2006
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Pumping Test Analysis Report

Bozeman, MT

Project:

(406) 585-5947

Number: 2006-08
Client:

GNP/St Mary Aquifer Test

National Park Service

Constant Rate Test [Cooper-Jacob Time-Draw dow n]
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Time [min]
1

10

100

1000

MW4

-0.8

Drawdown [ft]

0

0.8

1.6

2.4

Pumping Test:

Constant Rate Test

Analysis Method:

Cooper-Jacob Time-Drawdown

Analysis Results:

Transmissivity:

3.20E+4 [ft²/d]

Test parameters:

Pumping Well:

MW3CR

Aquifer Thickness:

Casing radius:

0 [ft]

Confined Aquifer

Screen length:

0 [ft]

Boring radius:

0 [ft]

Discharge Rate:

63.5 [U.S. gal/min]

Comments:

Analysis of data corrected for delcining water table. Low slope value causes uncertainty in
transmissivity estimate. Actual value may be +/- 3,000 ft2/d.
Evaluated by:

M. Cunnane

Evaluation Date:

12/11/2006
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Pumping Test Analysis Report

Bozeman, MT

Project:

(406) 585-5947

Number: 2006-08
Client:

GNP/St Mary Aquifer Test

National Park Service

Constant Rate Test [Theis Recovery]
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t/t'
1
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MW3CR
MW4

-0.8

0

s' [ft]

0.8

1.6

2.4

Pumping Test:

Constant Rate Test

Analysis Method:

Theis Recovery

Analysis Results:

Transmissivity:

4.64E+4 [ft²/d]

Test parameters:

Pumping Well:

MW3CR

Aquifer Thickness:

Casing radius:

0 [ft]

Confined Aquifer

Screen length:

0 [ft]

Boring radius:

0 [ft]

Discharge Rate:

63.5 [U.S. gal/min]

Pumping Time

720 [min]

Comments:

Analysis of data corrected for declining water table. Low slope value causes uncertainty in
transmissivity estimate. Actual value may be +/- 5,000 ft2/d.
Evaluated by:

M. Cunnane

Evaluation Date:

12/11/2006

